Ion-exchangers, adsorbents, supported catalysts, etc, derived from porous copolymer beads are employed as medium in fine chemical separation processes. In these processes the exchange of reagents completes earlier in the smaller beads than in the larger beads in the same lot, which reduces the separation efficiency. So, it is potentially advantageous to preferentially introduce the macropores in the larger beads, as the macropores provide fast access to the reagents into the inner portions of the beads. In this study, camphor-a sublimable organic compound was employed as a diluent to create porosity in 4-vinylpyridinedivinylbenzene copolymer beads produced by o/w suspension polymerization technique. Camphor preferentially introduced macropores in the larger beads in the reaction. The results are explained on the basis of removal of diluent by sublimation phenomenon from the polymerizing droplets at a faster rate from the smaller beads as compared to the larger beads in the same batch.
Introduction
Porous copolymer beads are the base of a majority of ion exchangers, adsorbents, and supported catalysts and enzymes [1] . The beads having a broad range of diameters are produced by o/w suspension polymerization [2] [3] [4] . The problem of employing a mixture of smaller and larger beads is that the exchange of reagents completes earlier in smaller beads than in larger beads, which reduces the separation efficiency of the copolymers in the fine chemical processes. Macropores provide fast access to the reagents into the inner portions of the beads [5] . Therefore, gradually increasing macroporosity with increasing bead size in a single batch can potentially minimize the problems. This study is focused on the variation of the macroporosity with respect to bead size produced in a single batch.
The porosity is introduced by diluting the monomers with inert organic liquid [6] . Three types of diluents, i.e., solvent, precipitant, and homopolymers are employed individually or in a mixture [7] . The porosity is controlled by amount and nature of diluent and cross-linking [6] [7] [8] [9] . Styrene-divinylbenzene copolymers are usually the subject of such studies [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . Macroporosity of styrene-divinylbenzene can be estimated from the composition of monomer + diluent mixture, before the copolymer is actually produced [21, 24] . Porous copolymers from a number of related monomer systems have also been produced by the same technique, e.g., 4-vinylpyridinedivinylbenzene [25] [26] [27] , methacrylamide+styrene-divinylbenzene [28] , acrylonitriledivinylbenzene [29] , glycidyl methacrylate-ethyleneglycol dimethacrylate [30, 31] , methacrylic acid-triethyleneglycol dimethacrylate [31, 32] , acrylic acid-triethylene glycol dimethacrylate [33] , acrylamide-ethyleneglycol dimethacrylate [34] , methyl methacrylate-ethyleneglycol dimethacrylate [35] , etc. Results of a huge number of studies in this area have been well reviewed [36] [37] [38] [39] [40] [41] .
This study discusses the role of bead size in determining the porosity. Further, we report a new type of diluent, namely camphor -a sublimeable organic compound, which introduces macropores preferentially in the larger beads in a reaction vessel.
Results and discussion
The porous 4-vinylpyridine-divinylbenzene copolymer beads were synthesized by employing a mixture of petroleum ether and cyclohexanone as diluent Exp#1 in Table  1 ). The copolymer beads were sieved and the beads having diameters in the range 45-75μm and 75-106μm were separated. Pore volumes of the two fractions were analyzed separately by mercury penetration method. The smaller size fraction had lower pore volume (0.47 ml/g) as compared with the larger size fraction (0.54 ml/g). Increasing non solvent component in the mixture diluent (petroleum ether in the present case) increases the pore volume [6, 23, 25, 26] . In the next experiment (exp#2 in Table 1 ), ratio of petroleum ether in the mixture of diluent was increased from 33% to 40% and, consequently, the overall pore volume was increased. Again the smaller size fraction was found to have lower pore volume (0.67 ml/g) as compared with the pore volume of larger size fraction (0.70 ml/g). The different pore volume in the smaller and larger beads in the same batch is a new finding of this study.
The results are explained on the basis of the fact that a small fraction of the diluent leaves the polymerizing beads because of steam distillation phenomenon. During our earlier studies on the synthesis of 4-vinylpyridine-divinylbenzene [16, 25, 26] , styrene-divinylbenzene [16, 21, 22, 23] , methyl methacrylate-ethylene glycoldimeth acrylate [35] , and other related copolymers [16] , thin layer or droplets of organic liquid were floating on top of the aqueous phase at the end of the polymerization reaction. This observation suggests that a fraction of diluent was removed from the polymerizing droplets. The diluent leaves the smaller beads at a faster rate because of their higher surface-to-volume ratio as compared with the larger beads. As a consequence of the lower ratio of the diluent left behind, the smaller beads are slightly less porous as compared with the larger beads in the same batch.
There might also be colloid-chemical effect of some importance as both the droplet and the particle size distribution is not monodisperse. Due to the Laplace pressure smaller particles have a lower swelling capacity than larger ones. This can lead to a redistribution of the swelling agent (in the particular situation a mixture of monomer and diluent) between smaller and larger particles after starting the polymerizations. This effect may also explain the different porosity in the smaller and larger beads. Table 1 ; and camphor diluent: c) & d) representing exp#3 and exp#4 in Table 1 .
To enhance the diluent removal from the polymerizing droplets, camphor was employed as a diluent. Camphor qualifies to be a diluent as it is: a) soluble in 4vinylpyridine, styrene and divinylbenzene monomers and, b) it is inert in the polymerization reaction like other commonly employed diluents. Camphor, being a sublimable compound, vaporizes faster then the conventional organic liquid diluents. In the experiment with camphor diluent (exp#3 in Table 1 ) 70% to 80% of the camphor employed was collected from the condenser attached with the reaction vessel. It proves that a major portion of the camphor vaporized out from the beads during the polymerization. With camphor diluent, the pore volume in the smaller particles was significantly lower (0.17 ml/g) as compared with the pore volume of larger particles (0.36 ml/g) in the same batch. Increasing dilution increases the pore volume [16, 23, 25, 26] . So, the experiment was repeated with 150% dilution of the monomers with the camphor (exp#4 in Table 1 ) as compared with 100% dilution in the previous experiment. The overall pore volume was increased, as expected. Again the pore volume was significantly lower in the smaller particles (0.44 ml/g) as compared with the pore volume of the larger particles (0.60 ml/g) in the same batch. These observations support the view that a gradual removal of the diluent from the polymerizing droplets at a faster rate from smaller particles results in lower pore volume in the smaller particles as compared with the larger particles in the same batch.
The pore volumes discussed above belong to macroreticular porosity, i.e., pores of permanent nature which do not disappear upon drying. The macroreticular pores are subdivided into three classes namely macropores, mesopores and micropores. The macropores are defined as the pores having diameters greater than 50 nm, mesopores as having diameters in the range 50 to 2 nm and micropores as having diameters less than 2 nm [42] . Mercury porosimetry technique employed in this study analyzes macroreticular pores having diameter greater than 3 nm, i.e. macropores and mesopores.
The macropore and mesopore contents in the smaller and larger beads produced in the same batch are compared in Fig. 1 . It can be observed from Fig. 1a and Fig. 1b that the ratio of macropores to mesopores remains almost the same in the smaller and the larger beads of the same batch produced by employing mixtures of petroleum ether and cyclohexanone as diluent. However, dilution with camphor introduced macropores preferentially in the larger beads as compared with the smaller beads in the same batch, as shown in Fig. 1c and Fig. 1d .
In the last experiment with camphor dilution in this study (exp#5 in Table 1 ) the resulting copolymer beads were sieved and the beads having diameters +45 to -75 µm, +75 to -106 µm, +106 to -150 µm, and +150 to -212 µm, were separated out. The results shown in Table 1 (exp#5) clearly demonstrate that the pore volume significantly increased with increase in diameter of the beads produced in a single batch. Comparison of macropore and mesopore contents in the different size fractions also showed a clear and significant increase in macropores as the bead size increased in the same batch, as illustrated in Fig. 2 . The mesopore contents were also found to increase with increase in the bead size up to 150 µm, but the increase of mesopores was not as pronounced as in the case of macropores.
Evaporation of camphor before the formation of polymer network is the same as decrease of monomer dilution, which is expected to lower the macroreticular porosity [6, 23, 25, 26] . The evaporation takes place faster from the smaller particles which explain lower pore volumes in the smaller particles as compared with the larger particles. After the initial porous matrix formation, it is easier for the camphor to evaporate from the macropores than from the mesopores. The gap left behind by the evaporation of the diluent may have been filled by the un-reacted monomers, which, upon polymerizing, may have partially filled the space and changed the macropores into mesopores. This can explain the stronger effect of the diluent evaporation on the macropores than on the mesopores. In some cases the mesopore contents were found to increase in the smaller beads than in the larger beads. One example showing this effect is Fig. 1d for the case of exp.#4 and another example showing this effect is the comparison of the bar for diameters range 106-150 µm compared with the bar for diameter range 150-212 µm in Fig. 2 for the case of Exp.#5. This phenomenon can be explained by the proposed conversion of the macropores into mesopores preferentially in the case of the smaller beads. Table 1 ).
The other advantages of using camphor as a diluent in the synthesis of porous resins are that a major fraction of it is removed from the beads during polymerization. The residual camphor in the beads is easily extracted in acetone or alcohol. The recovered camphor can be reused after purification by re-crystallization. Cost of fresh camphor is also almost the same as the cost of most other compounds employed as diluent. The main drawback of using camphor is that it has a strong smell. So, a fume hood is required for lab-scale synthesis and good ventilation will be required for large-scale synthesis. There is a need to study camphor and other related sublimable organic compounds as diluents in the case of synthesis of the related porous copolymers.
In short the following are the new findings of this study:
i) Larger beads have slightly higher pore volumes as compared with the smaller beads produced in the same batch by suspension polymerization technique.
ii) Camphor as a diluent introduces macropores preferentially in the larger beads as compared with the smaller beads produced in the same batch.
Experimental part
The polymerization mixture comprised of (by weight): 36% 4-vinypyridine, 16% divinylbenzene (60% pure, i.e., comprising of 60% divinylbenzene isomers and 40% ethylvinylbenzene isomers), and 50% diluent. Benzoylperoxide (initiator, 1% by weight) was dissolved in the polymerization mixture. The Diluent was either a mixture of petroleum ether (boiling range 140 to 180 o C) and cyclohexanone or camphor. One part of the polymerization mixture was suspended by a two-blade propeller in five parts of demineralised water containing 3% gum Arabic (suspension stabilizer) at room temperature. The temperature was raised to 80 o C in 30 min and maintained at 80 o C for 20 h. Then the copolymer beads were filtered out on a Buchner funnel and washed with hot water. The diluent in the beads were removed by treatment with acetone in a Soxhlet apparatus for a few hours. Then the beads were air dried followed by drying at 110 o C till constant weight. The pore volumes and pore size distributions were analyzed by mercury porosimeter 'Autopore II 9220' from Micromeritics.
